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(54) NOVEL FUNCTIONAL PEPTIDE NUCLEIC ACID MONOMER AND PROCESS FOR 
PRODUCING THE SAME 

(57) A compound represented by general formula (I) below; 



A 




n 



B 



(I) 



(in the formula, A denotes 
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B denotes 



R F O 

R denotes H, N0 2 , NH 2 , NHCbz, Br, F, CI or S0 3 Na 2f and n is an integer of 1 to 4), and a process for producing the 
above compound characterised in that it includes a reaction between an activated ester and a r-butoxycarbonylami- 
noethylamine or an a>-amino acid derivative. 
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Description 
Technical Field 

[0001) The present invention relates to a functional peptide nucleic acid monomer having a novel structure and a 
production process therefor. 

Background Art 

[0002] Nucteicacids are the DNAandRNA that govern the genetic information of living creatures. On the other hand 
a peptide nucleic acid (PNA) is a modified nucleic acid in which the sugar-phosphate skeleton of a nucleic acid has 
been converted into an /v-(2-aminoethyl)glycine skeleton (FIG. 1). The sugar-phosphate skeletons of DNA/RNA are 
negatively charged under neutral conditions and exhibit electrostatic repulsion between the complementary strands 
but since the backbone structure of PNA itself has no charge, there is no electrostatic repulsion. PNA therefore has a 
high duplex-forming aNity and a high base sequence recognition ability in comparison with conventional nucleic acids 
Furthermore, since PNA ,s very stable against In vivo nuclease/protease and is not decomposed thereby, its application 
in gene therapy as an antisense molecule has been investigated. 

[0003] Modifying conventional techniques that employ DNA as a medium so that they can be used with PNA can 
compensate for the defects of DNA that could not be overcome previously. For example, ft is possible to apply PNA to 
!Lh Am ; cr l ar ? y «f«*wr that carries out a systematic analysfe of a large amount of genetic information at high 
speed and to the molecular beacon" that has been developed recently as a probe that can detect by fluorescence a 
specifically recognised base sequence. Since these techniques use DNA as a medium, which has poor enzyme re- 

ZSZlT" h mPl0i T "T 6 t6ChniqUeS ft * neC6SSary 10 C3rry ° Ut precise sam P' in 9- Satisf V in 9 this requLment 
is the key to enhancing the above-mentioned techniques. 

f 01 ^ 1 ° n the other nand - since PNA is completely resistant to enzymes, the use of PNA as a replacement for DNA 
m the DNA microarray technology and the molecular beacon is anticipated to eliminate the defects of the above- 
mentioned techniques and to derive further advantages. 

[0005] There are a large number of fields, in addition to the DNA microarray technology and the molecular beacon 
ol*TT? ated ^ advance as a result of the use of PNA, and in these fields it is necessary to efficiently f unctionalise 
PNA, that is to say, to design a novel PNA monomer by the efficient introduction of a functional molecule to a PNA 
monomer 

[0006] Since methods for synthesising a PNA oligomer employ the commonly used solid phase peptide synthesis 
PNA monomer units can be classified into two types in terms of the PNA backbone structure, that is to say, the Fmoc 
type PNA monomer unit and the tBoc type PNA monomer unit (FIG. 2). 

[0007] A method for synthesising the Fmoc type PNA monomer unit has already been established, its oligomers can 
rouSow meanS ° f 3 Standard aUt0mati ° ° NA Synthesiser - and il can be synthesised on a small scale by the 



n>o .or 



, BOP/Hob</DIEA * H* X 

Stephen A Thompson, John A Josey, e/. al, 
Tetrahedron 1995, 51, 6179-6194. 



(X denotes guanine, thymine, cytosine or adenine.) 

[0008] The first PNA employed the tBoc type PNA monomer unit as described below: 



15 



20 
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Michael Egholm, OleBuchardt, Peter E. 

Nielsen, and Rolf H. Berg 

J. Am Chem. Soc 1992. 114 % 1895-1897. 



10 after which a more efficient synthetic method: 



DCODhbtOH 



Of 



PyBOP/DIEA ' T a UCH * 



KimL. Dueholxn, Michael Egholm, et. a], 
./. Org. Chem. 1994. JP, 5767-5773. 



was established. 

[0009] However, as described above, since the Fmoc type, which is easy to handle, has been developed, the use 
of the tBoc type is becoming less frequent. 

25 [001 0] However, when introducing a functional molecule other than the four nucleic acids guanine, thymine, cytosine 
and adenine, for example, when introducing a photofunctional molecule, since the functional molecule that is to be 
introduced is often unstable under alkaline conditions, the tBoc type PNA backbone structure, which does not employ 
alkaline conditions, is very useful. With regard to a "process for producing t-butoxycarbonylaminoethylamines and 
amino acid derivatives", there is already a patent application filed by the present inventors as Japanese Patent Appli- 

30 cation No. 2000-268638. 

[0011] Other than the above process, 5 examples of the synthesis of a monomer unit for a photofunctional PNA 
oligomer are known. All these cases employ the above-mentioned route, but their yields are either not described or 
very low (Peter E. Nielsen, Gerald Haaiman, Anne B. Eldrup PCT Int. Appl. (1998) WO 985295 A1 19981126 T. A 
Tran, R.-H. Mattem, B. A. Morgan (1999) J. Pept. Res, 53, 134-145, Jesper Lohse et al. (1997) Bioconjugate Chem 

35 8, 503-509, Hans-georg Batz, Henrik Frydenlund Hansen, et al. PCT Int. Appl. (1 998) WO 9837232 A2 19980827' 
Bruce Armitage, Troels Koch, et al. (1998) Nucleic Acid Res., 26, 715-720, Hans-georg Batz, Henrik Frydenlund 
Hansen, et al.). Furthermore, since the structures of the compounds used have the characteristic of being comparatively 
stable under alkaline conditions, it is surmised that, when a chromophore that is unstable under alkaline conditions is 
present, an efficient synthesis by a method similar to the above-mentioned conventional method, that is to say route 

40 A below, is not possible. 



45 



50 





[0012] There is therefore a strong desire for the establishment of a technique that functionalises a PNA monomer 
efficiently as well as for the development of a functional PNA monomer such as, for example, a photofunctiona! PNA 



EP 1357 112 A1 



monomer. 
Disclosure of Invention 



[0013] It is an object of the present invention to provide a novel functional PNA monomer and an efficient synthetic 
method therefor that can eliminate the above-mentioned problems. 

[0014] As a result of an intensive investigation by the present inventors in order to solve the above-mentioned prob- 
lems, as shown in route B below, a photofunctional PNA monomer 4 has been synthesised successfully and substan- 
tially stoichiometric^ using a f-butoxycarbonyiaminoethylamine derivative 6 as a PNA backbone structure by con- 
densation with an activated ester derivative 5 containing a pentafluorophenyl group 1 . 




Route A 



, o V 



Molecule that is unstable ' C 
under alkaline conditions ' 1 



Route B 




[001S] Furthermore, the present inventors have also succeeded in synthesising a photofunctional PNA monomer 4 
substantially stoichiometrically using an a>-amino acid derivative 8 as a PNA backbone structure by condensation with 
an activated ester derivative 7 containing a pentafluorophenyl group 1 as shown in route C below: 
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[0016] The present invgM| have found that the above-mentioned problems cag^^lved by the above-mentioned 
routes B and C, and the l^^it invention has thus been accomplished. 

[001 7] That is to say, the present invention relates to a compound represented by general formula (I) below. 



A 



o 



(In the formula, A denotes 




n 



B (I) 




B denotes 
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| — OH 





or 



R denotes H, N0 2 , NH 2 , NHCbz, Br, F, CI or S0 3 Na 2 , and n is an integer of 1 to 4, wherein when A denotes 




then 6 denotes 




[0018 Furthermore, the present invention relates to a process for producing a functional PNA monomer by reacting 
a f-butoxycajonylammoethylamine with a derivative of a functional molecule so as to incorporate the functional mol- 
ecu e into a PNA monomer, characterised in that the derivative of a functional molecule is an activated ester 
0019] Furthermore, the present invention relates to the above-mentioned production process, characterised in that 
fee actuated ester has, on the carbonyl carbon forming the ester bond, a group represented by general formula (II) 



(„, 



(In the formula, A denotes 
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R denotes H, N0 2 , NH 2 , NHCbz, Br, F, CI or S0 3 Na2, and n is an Integer of 1 to 4.). 

[0020] Furthermore, the present invention relates to the above-mentioned production process, characterised in that 
the activated ester has, on its carbonyl carbon, a pentafluorophenoxy group or a succinimidoxy group. 
[0021 ] Furthermore, the present invention relates to a process for producing an activated ester, characterised in that 
it includes reacting a carboxylic acid derivative of a functional molecule with a compound having a pentafluorophenoxy 
group or a succinimidoxy group. 

[0022] Furthermore, the present invention relates to a process for producing a carboxylic acid derivative of a func- 
tional molecule, characterised in that it includes reacting a derivative of the functional molecule with an aliphatic car- 
boxylic acid. 

[0023] Furthermore, the present invention relates to a process for producing a functional PNA monomer from a 
functional molecule, including: 

producing a derivative of the functional molecule from the functional molecule, 

producing a carboxylic acid derivative of the functional molecule from the derivative of the functional molecule, 
producing an activated ester from the carboxylic acid derivative of the functional molecule, and 
producing a functional PNA monomer from the activated ester, characterised in that it includes one or more of a) 
to c) below: 
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a) in the productiflfc the carboxylic acid derivative of the functional mo^^ reacting the derivative of the 
functional mole<^^Pth an aliphatic carboxylic acid; 

b) in the production of the activated ester, reacting the carboxylic acid derivative of the functional molecule 
with a compound having a pentafluorophenoxy group or a succinimidoxy group; and 

c) in the production of the functional PNA monomer, reacting a t-butoxycarbonylaminoethylamine with the 
activated ester derivative of the functional molecule. 

[0024] Furthermore, the present invention relates to a process for producing a functional PNA monomer by reacting 
a derivative of a functional molecule with an <o-amino acid derivative represented by general formula (III) below, thereby 
incorporating the functional molecule into a PNA monomer, characterised in that the derivative of the functional mol- 
ecule is an activated ester: 



BocHN 




(In the formula, R 1 denotes a hydrogen atom or a straight- or branched-chain C A to C 5 alkyl group, and m denotes an 
integer of 1 to 11.). 

[0025] Furthermore, the present invention relates to the above-mentioned production process, characterised in that 
the activated ester has, on its carbonyl group forming an ester bond, a group represented by general formula (II) below, 
either directly or via an aliphatic chain or a peptide chain: 



(In the formula, A denotes 
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MH 2 





HN — | 



55 



<8f c8T to 

QQv A 0 jia 0 .\ or jocC 



R denotes H, N0 2 , NH 2> NHCbz, Br, F, CI or S0 3 Na 2 , and n is an integer of 1 to 4.). 

[0026] Furthermore, the present invention relates to the above-mentioned production process, characterised in that 
the activated ester has, on its carbonyl carbon, a pentafluorophenoxy group or a succinimidoxy group. 
[0027] Furthermore, the present invention relates to a process for producing a functional PNA monomer from a 
functional molecule, including producing an activated ester from the functional molecule and producing a functional 
PNA monomer from the activated ester, characterised in that 

the production of the activated ester from the functional molecule includes reacting m-methyl red with a compound 
that contains a succinimidoxy group, and/or 

the production of the functional PNA monomer from the activated ester includes reacting a benzyloxycarbonyl- 
co-amino acid derivative represented by general formula (III) with the activated ester derivative of the functional mole- 
cule, thereby incorporating the functional molecule into a PNA monomer. 

[0028] Features of the present invention are now explained in detail by comparing the processes of the present 
invention with the conventional processes. 

[0029] The synthesis of tBoc type PNA monomer unit 4 usually employs route A below: 
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Route A 



OH 



. 0 H 0 

H * 



, o Yo 




= Molecule that is unstable 
under alkaline conditions 



X 



Route B 



H 



V 0 



[0030] That is to say, it is a process in which, after synthesising 3 by dehydration condensation between 1 and 2 3 
is subjected to alkaline hydrolysis to give 4. This process is also used when introducing the four nucleic acid base 
groups guanine, thymine, cytosine, and adenine. When introducing a functional molecule (this refers to a known com- 
pound cited in Table 1) other than the above-mentioned groups, route A is also employed. However, since many pho- 
tofunctional molecules are generally unstable under alkaline conditions, it is impossible to obtain 4 efficiently by route 
A. Instead of using the conventional PNA backbone structure 2, the condensation is therefore carried out using 6 
obtained by the prior hydrolysis of 2. Since 6 includes a free carboxylic acid group, as is the case for 1 there is a 
possibility that an intramolecular dehydration condensation might occur, and a direct dehydration condensation using 
a condensing agent such as DCC cannot therefore be employed. The reaction is therefore devised so that the free 
carboxylic acid group and secondary amino group of 6 do not condense intramolecularly with each other by converting 
1 into an activated ester derivative 5 using pentafluorophenol and then reacting 5 with 6 (route B). This gives 4 stoi- 
chiometrically. As hereinbefore described, there is no precedent for the process of synthesising 4 by converting a 
photofunctional molecule into its activated ester and then reacting it with 6, and it can be said that this process will 
hereafter be an indispensable technique for the synthesis of a variety of photofunctional PNA monomers. 
[0031 J Since benzyloxycarbonyl-<o-amino acid derivatives represented by general formula (III) below, which are used 
in route C, already have a linker (carboxylamino acid): 

NH 2 

(V°o 
BocHN^^OH m 

(in the formula, R1 denotes a hydrogen atom or a straight- or branched-chain C< to C 5 alkyl group, and m denotes an 
integer of 1 to 11), 

the derivatives are very versatile, and reaction of the derivatives with an activated ester derivative gives a target func- 
tional PNA monomer unit in one step. Moreover, many commercially available benzyloxycarbonyl-o>-amino acid deriv- 
atives can be used. The route C is therefore particularly effective when targeting a comparatively expensive photo- 
functional molecule. 

[0032] On the other hand, incorporation of a photofunctional molecule such as a sulphonyl chloride type or the highly 
sterically hindered methyl red into a PNA monomer can be earned out desirably by route B. 



EP 1 357 112 A1 

[0033] It is therefore po^fe to synthesise a variety of functional PNA monorr^B^ appropriately choosing one 
from the synthetic methoa^PFoute B and that via route C of the present inventior^^ 

[0034] In accordance with the present invention, photofunctional monomer units such as a Naphthalimide type, a 
Flavin type, a Dabcyl type, a Biotin type, an FAM type, a Rhodamine type, a TAMRA type, an ROX type, an HABA 
5 type, a Pyrene type and a Coumarin type can be obtained. It is also possible to obtain photofunctional monomer units 
other than the above-mentioned types and to obtain functional monomer units other than the photofunctional monomer 
units. 

Brief Description of Drawings 

10 

[0035] 

FIG. 1 is a diagram showing differences in the structure and the electrical charge between DNA and PNA. 
FIG. 2 is a diagram showing the structures of two types of PNA monomer unit. 

15 

Modes for Carrying Out the Invention 

[0036] Conventionally, in the synthesis of a photofunctional monomer unit, for example, in the synthesis of compound 
4a, 

20 



25 



30 



35 



40 



45 




50 

a carboxylic acid derivative 1 a of a functional molecule and a PNA backbone structure 2a are subjected to dehydration 
condensation to give 3a, which is then subjected to alkaline hydrolysis to give the target 4a (route A). Although the 
flavin skeleton of 1 a is stable towards acid, it is easily decomposed under alkaline conditions to give 6,7-dimethylqui- 
noxalinedione, and it is therefore impossible to obtain 4a efficiently even when 3a can be synthesised. When 1a is 
55 converted into an activated ester derivative 5a and then reacted with 6a, the reaction proceeds substantially stoichio- 
metrically to give 4a with a yield of 85% (route B). 
[0037] In the synthesis of compound 4b, 
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Route A 




44% 




4% 



3b 



Route B 



H 



75% 



N 



4b 



6b 



although a naphthalimide derivative 3b is obtained from the corresponding 1 b and 2b with a yield of 44% the subsequent 
alkaline hydrolysis gives 4b in only 4% (route A). When 1b is converted into activated ester derivative 5b and then 
reacted with 6b, the reaction proceeds to give 4b with a yield of 75% (route B). 

[0038] The production of 1 a and 1 b, which are carboxylic acid derivatives, is carried out using an aliphatic carboxylic 
acid, and preferably a straight-chain aliphatic carboxylic acid. 

10039] In the production of a monomer that is incorporated at a terminal amino group of a PNA, an activated ester 
having a succinimide group can preferably be used. 

[0040] As the ©-amino acid derivative represented by general formula (III) that is used in route C, one having a 
to C,, carbon chain on the carbonyl carbon of its amino acid moiety can be used, but since a PNA is generally expected 
to be a hybrid with DNA, it is desirable for the derivative to be similar sterically to DNA. Taking this point into consid- 
eration, when a carboxylamino acid is used as a linker, one having Z-glycine as an amino moiety is the most suitable 
[0041] With regard to the method for synthesising a photofunctional PNA oligomer, the Fmoc method and the tBoc 
method can be used. The Fmoc method involves a protecting group removal step using an alkaline reagent and its 
use is inappropriate when designing a photofunctional PNA oligomer. On the other hand, since the tBoc method does 
not employ alkaline conditions in its synthetic steps, it is suitable as a synthetic method for a photofunctional PNA 
oligomer. Application of the PNA monomer related to the present invention to the tBoc method therefore allows a 
photofunctional PNA oligomer to be synthesised efficiently. 

Examples 



[0042] The present invention is explained below in more detail by way of examples, but the present invention is ii 
no way limited thereby. 



(Example 1) 



Synthesis of 2,3,4,5,6-pentafluorophenyl 2-(5,7,8-trimethy1-1 ,3-dioxo-2,5-dihydro-2,4-diazaphenazin-2-yl)acetate (5a) 

[0043] EDC (73.2 mg, 382 fimol) was added to a DMF solution (10 ml) of 1a (100 mg, 318 umol) and PfpOH (70.2 
mg, 381 umol) at 0°C, and this reaction mixture was stirred at 0°C for 1 hour and at room temperature for 12 hours 
This reaction mixture was concentrated under reduced pressure, and the residue was subjected to partition extraction 
with a water-chloroform system. Theorganic layer was dried with magnesium sulphate and concentrated under reduced 
pressure, and the residue was then purified by silica gel column chromatography (2.5% MeOH/CHCI 3 ) to give 5a (130 
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mg, 85%). 1H NMR (CDQjfc.07 (a, 1 H), 7.44 (s, 1 H), 5.21 (s, 2 H), 4.1 4 (s, 3 K^fc (s. 3. H), 2.45 (s ( 3 H); HRMS 
(FAB + , NBA/CH 2 CI 2 ) C 21 ^P 4 N 4 F 5 [(M+H) + ] Ca!cd. 481 .0934, Exp. 481 .0950; ( DMF ) 39 °. 460 ( nm )« 

(Example 2) 

5 

Synthesis of 2-(N-(2-((t-butoxy)carbo^ 
2-yl)acetylamino)acetic acid (4a) 

[0044] Diisopropylethylamine (36.3 jiL, 208 jimol) was added to a DMF solution (10 mL) of 5a (100 mg, 208 \ur\o\) 
^0 and 6 (45.4 mg, 208 \xxr\o\) and stirred at room temperature for 1 5 hours. This was concentrated under reduced pressure, 
and the residue was purified by silica gel column chromatography (1 0-50% MeOH/CHCI 3 ) to give 4a (1 30 mg, 85%). 1 H 
NMR (CD 3 OD) 5 7.94 (s) and 7.86 (s) (1 H), 7.80 (s) and 7.75 (s) (1 H) , 5.03 (s) and 4.88 (s) (2 H) , 4.17 (s) and 4.13 
(s) (3 H), 3.64 and 3.52 (2 H), 3.38 and 3.26 (2 H), 2.58 (s) and 2.56 (s) (3 H), 2.46 (s) and 2.44 (s) (3 H), 1 .46 (s) and 
1.41 (s) (9 H); HRMS (FAB + , NBA/CH 2 CI 2 ) C 24 H 31 0 7 N 6 [(M+H) + ] Calcd. 515.2252, Exp. 515.2273; UV (DMF) 
is 390, 460 (nm). 

(Example 3) 

Synthesis of W-(4-dimethylaminoa2obenzene-2'-carbonyl)glycine (1c) 

20 

[0045] Triethylamine (732 |iL, 5.25 mmol) was added to a DMF solution (10 mL) of methyl red (1 .35 g, 5 mmol) and 
f-butylglycine hydrochloride (880 mg, 5.25 mmol), while ice cooling DCC (1 .13g, 5.5 mmol) was added thereto and this 
was stirred for 30 minutes and further at room temperature for 15 hours. The reaction mixture was filtered, the filtrate 
was concentrated under reduced pressure, and the residue was purified by silica gel column chromatography (0-10% 

25 acetone/CH 2 Ci 2 ) to give the t-butyl ester derivative (1 .05 g, 55%) of 1 c as orange needle-shaped crystals. This deriv- 
ative (765 mg, 2 mmol) was added to formic acid (50 mL), stirred at room temperature for 2 days, and concentrated 
under reduced pressure to remove the formic acid, and the residue was purified by silica gel column chromatography 
(0-5% acetone/CH 2 CI 2 ) to give 1c (549 mg, 84%) as red needle-shaped crystals. 1 H NMR (CDCI 3 ) 5 9.99 (brt, 1H) , 
8.40 (d f J = 8 Hz, 1 H), 7.89 (d, J = 9 Hz, 2 H), 7.84 (d, J = 8 Hz, 1 H), 7.56 (t, J = 8 Hz, 1 H), 7.49 (t, J = 8 Hz, 1 H), 

30 6.75 (d, J = 9 Hz, 2H), 4.42 (d, J = 5 Hz, 2 H), 3.10 (s, 6 H); «C NMR (CDCI 3 ) 5 167.61, 153.39, 150.86, 143.30, 
132.49, 131.47, 129.38, 127.69, 126.28, 116.24, 111.63, 43.20, 40.24. 

(Example 4) 

55 Synthesis of 2,3,4,5,6-pentafluorophenyl A/-(4-dimethylaminoazobenzene-2'-carbonyl)glycinate (5c) 

[0046] DCC (308 mg, 1.5 mmol) was added to a DMF solution (10 mL) of 1c (326 mg, 1 mmol) and PfpOH(276 mg, 
1.5 mmol) while ice cooling, and this reaction mixture was stirred at room temperature for 15 hours. The reaction 
mixture was filtered, the filtrate was concentrated under- reduced pressure, and the residue was purified by silica gel 
40 column chromatography (0-5% acetone/CH 2 CI 2 ) to give 5c (449 mg, 91%) as an orange powder. 1H NMR (CDCI 3 ) 8 
10.14 (brt, 1 H), 8.37 (d, J = 8 Hz, 1 H), 7.78 (d, J = 9 Hz, 2 H), 7.76 (d, J = 8 Hz, 1 H), 7.57 (t, J = 8 Hz, 1 H), 7.50 (t, 
J = 8 Hz, 1 H), 6.74 (d, J = 9 Hz, 2 H), 4.68 (d, J = 5 Hz, 2 H), 3.06 (s, 6 H). 

(Example 5) 

45 

Synthesis of 2-(N-(2-((t-butoxy)catoonylamino) 
acetic acid (4c) 

[0047] Diisopropylethylamine (85 \iL, 0.5 mmol) was added to a DMF solution (5 mL) of 5c (246 mg, 0.5 mmol) and 
50 6 (109 mg, 0.5 mmol) and stirred at room temperature for 15 hours. This was concentrated under reduced pressure 
and the residue was purified by silica gel column chromatography (0-30% MeOH/CH 2 CI 2 ) to give 4c (225 mg, 72%). 1 H 
NMR (CDCI 3 ) 5 9.99 (s) and 9.85 (s) (1 H), 8.3-7.6 (m, 4 H), 7.4-7.2 (m, 2 H), 6.67 (s) and 6.59 (s) (2 H), 5.62 (s) and 
5.27 (s) (1 H), 4.35 (s) and 4.20 (s) (2 H), 3.99 and 3.90 (2 H) , 3.5 (brs) and 3.3 (brs) (2 H) , 3.2 (brs) and 3.0 (brs) (2 
H), 2.99 (s) and 2.87 (s) (6 H), 1.25 (brs, 9 H). 
55 [0046] The route from 1 c to 4c was as follows: 
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45 

(Example 6) 



Synthesis of N-K-hydroxyazobenzene^'-carbonylJglycine (1d) 

[0049] Triethylamine (732 |iL, 5.25 mmol) was added to a DMF solution (10 mL) of HABA (1 .21 g, 5 mmol) and /- 
butylglycine hydrochloride (880 mg, 5.25 mmol), while ice cooling DCC (1 .13 g, 5.5 mmol) was then added and this 
was stirred for 30 minutes and further at room temperature for 15 hours. The reaction mixture was filtered, the filtrate 
was concentrated under reduced pressure, and the residue was purified by silica gel column chromatography (0-5% 
acetone/CH 2 CI 2 ) to give the t-butyl ester derivative (1.73 g, 97%) of 1d as an orange powder. This (1.07 g, 3 mmol) 
was added to formic acid (50 mL), stirred at room temperature for 2 days, and concentrated under reduced pressure 
to remove the formic acid, and the residue was purified by silica gel column chromatography (0-5% acetone/CH 2 CI 2 ) 
to give 1d (0.89 g, 99%) as an orange powder. 1H NMR (CDCI 3 ) 6 10.45 (brt, 1 H), 8.88 (bit, J = 5 Hz, 1 H), 7.91 (d, J 
= 9 Hz, 2 H), 7.85 (d, J = 8 Hz, 1 H), 7.70 (d, J = 8 Hz, 1 H), 7.60 (t, J = 8 Hz, 1 H), 7.57 (t, J = 8 Hz, 1-H), 6.94 (d, J 
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= 9 Hz, 2 H), 4.05 (d, J 2 H); 13 C NMR (CDC! 3 ) 8 171.18, 166.44, 161.5^^.13, 145.34, 133.20, 131.09, 

130.18, 129.61, 125.86, 115.88,41.60. 

(Example 7) 

5 

Synthesis of 2,3,4,5,6-pentafluorophenyl A/-(4-hydroxyazobenzene-2'-caitonyl)glycinate (5d) 

[0050] DCC (308 mg, 1 .5 mmol) was added to a DMF solution (10 mL) of 1d (299 mg, 1 mmol) and PfpOH (276 mg, 
1.5 mmol) while ice cooling, and this reaction mixture was stirred at room temperature for 15 hours. The reaction 
'0 mixture was filtered, the filtrate was concentrated under reduced pressure, and the residue was purified by silica gel 
column chromatography (0-5% acetone/CH 2 C! 2 ) to give 5d (46 mg, 10%) as an orange powder. 1 H NMR (CDCI 3 ) 8 
9.67 (brs, 1 H), 9.02 (bit, 1 H), 7.8-7.7 (m, 3 H), 7.6-7.5 (m, 2 H), 7.23 (d, J = 9 Hz, 1 H), 6.86 (d, J = 9 Hz, 2 H), 4.67 
(d, J = 5 Hz, 2 H). 

is (Example 8) 

Synthesis of 2-(N-(2-((t-butoxy)carbonylamino)e^ acetic 
acid (4d) 

[0051] Diisopropylethylamine (14 |xL f 80 jimol) was added to a DMF solution (5 mL) of 5d (37 mg, 80 nmol) and 6 
(18 mg, 80 iimol) and stirred at room temperature for 15 hours. This was concentrated under reduced pressure, and 
the residue was purified by silica gel column chromatography (0-30% MeOH/CHgCy to give 4d (1 3 mg, 33%). 1 H NMR 
(CDCI 3 ) 8 -9.77 (s) and 9.59 (s) (1 H), 8.26 (s) and 8.14 (s) (2H), 7.9-7.6 (m, 2 H), 7.6-7.3 (m, 2 H), 7.0-6.6 (m, 2 H), 
5.35 (s) and 5.05(s) (1 H), 4.40 (s) and 4.24 (s) (2 H), 3.98 (s, 2 H), 3.6-3.3 (m, 2 H), 3.21 (s) and 3.02 (s) (2 H), 1 .28 
(s) and 1.18 (s) (9 H). 

[0052] The route from 1 d to 4d was as follows. 



55 
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(Example 9) 

Synthesis of FAM-Gly- Boc PNA-OH 

45 

[0053] 5,6-FAM /V-hydroxysuccinimide ester (50 mg, 0.1 1 mmol) and triethylamine (250 \iL, 2.0 mmol) were added 
in that order to a dimethylformamide solution (5 mL) of Gty-^PNA-OH (30.3 mg, 0.10 mmol) and stirred at room 
temperature for 1 5 hours. After completion of the reaction, the mixture was concentrated under reduced pressure, and 
the residue was subjected to silica gel column chromatography (0-25% MeOH/dichloromethane) to give FAM-Gly-*>c P . 
so N A-OH (69.8 mg, 1 00%) as a yellow powder. FABMS m/z 634 [(M+H) + J; HRMS (FAB + ) calcd. for C^hUO^ No [(M+HM 
634.1959, observed 634.2034. 3 

(Example 10) 
55 Synthesis of TAMRA-Gly- Boc PNA-OH 



[0054] 5,6-TAMRA A/-hydroxysuccinimide ester (5 mg, 9.5 nmol) and triethylamine (20^L, 140 jimol) were added in 
that order to a dimethylformamide solution (5 mL) of Gly-Boc PNA . 0 H (5.8 mg, 21 jimol) and stirred at room temperature 
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for 1 5 hours. After compleiflfef the reaction, the mixture was concentrated underfilled pressure, and the residue 
was subjected to silica ge!^^nn chromatography (0-30% MeOH/dichloromethar^H^iveTAMRA-Gly- Boc PNA-OH 

(6 mg, 100%) as reddish purple powder. FABMS mlz 688 [(M+H) + ]; HRMS (FAB+) calcd. for C 36 H 42 0 9 N 5 [(M+H)+] 
688.2904, observed 688.2993. 

5 

(Example 11) 

Synthesis of ROX-Gly- Boc PNA-OH 

w [0055] 5,6-ROX N-hydroxysuccinimide ester (5 mg, 8 ujnol) and triethylamine (20 140 jimol) were added in that 
order to a dimethylformamide solution (5 mL) of Gly- Boc PNA-OH (4.9 mg, 18 u,mol) and stirred at room temperature 
for 15 hours. After completion of the reaction, the mixture was concentrated under reduced pressure, and the residue 
was subjected to silica gel column chromatography (0-30% MeOH/dichloromethane) to give ROX-Gly- Boc PNA-OH (6 
mg, 100%) as a purple powder. FABMS mlz 792 [(M+R) 4 ]; HRMS (FAB + ) calcd. for C^HgoOgNg [(M+H) + ] 792.3530, 

is observed 792.3615. 

(Example 12) 

Synthesis of 2,3,4,5,6-pentafluorophenyl /V-(4-dimethylaminoa2obenzene-2'-carbonyl)glycinate (o-MR-Gly-Opfp) 

20 

[0056] DCC (308 mg, 1 .5 mmol) was added to a DM F solution (1 0 mL) of o-MR-Gly-OH (326 mg, 1 mmol) and PfpOH 
(276 mg, 1.5 mmol) while ice cooling, and the reaction mixture was stirred at room temperature for 15 hours. The 
reaction mixture was filtered, the filtrate was concentrated under reduced pressure and the residue was purified by 
silica gel column chromatography (0-5% acetone/CH 2 CI 2 ) to give o-MR-Gly-OPfp (449 mg, 91%) as an orange 
25 powder. 1 H NMR (CDCI 3 ) 8 10.14 (brt, 1 H), 8.37 (d, J = 8 Hz, 1 H), 7.78 (d, J = 9 Hz, 2 H), 7.76 (d, J = 8 Hz, 1 H), 
7.57 (t, J = 8 Hz, 1 H), 7.50 (t, J = 8 Hz, 1 H), 6.74 (d, J = 9 Hz, 2 H), 4.68 (d, J = 5 Hz, 2 H), 3.06 (s, 6 H) . 

(Example 13) 

30 Synthesis of 2-(A/-(2-((fert-butoxy)carbonylamino)ethyl)-2-(4-dimethylamlnoazobenzene-2 '-carbonylamino) 
acetylamino)acetic acid (o-MR-Gly- Boc PNA-OH) 

[0057] Diisopropylethylamine (85 \iL t 0.5 mmol) was added to a DMF solution (5 mL) of o-MR-Gly-OPfp (246 mg, 
0.5 mmol) and ^PNA-OH (109 mg, 0.5 mmol) and stirred at room temperature for 15 hours. This was concentrated 
35 under reduced pressure, and the residue was purified by silica gel column chromatography (0-30% MeOH/CH 2 CI 2 ) to 
give o-MR-Gly-^PNA-OH (225 mg, 72%). 1 H NMR (CDCI 3 ) 8 9.99 (s) and 9.85 (s) (1 H), 8.3-7.6 (m) (4 H), 7.4-7.2 
(m) (2 H), 6.67 (s) and 6.59 (s) (2 H), 5.62 (s) and 5.27 (s) (1 H), 4.35 (s) and 4.20 (s) (2 H), 3.99 and 3.90 (2 H), 3.5 
(brs) and 3.3 (brs) (2 H), 3.2 (brs) and 3.0 (brs) (2 H), 2.99 (s) and 2.87 (s) (6 H), 1 .25 (brs, 9 H). 

40 (Example 14) 

Synthesis of 2-(N-(2-((ferf-buto)cy)caroonylamino)ethyl)-2-(4-dimethylaminoazobenzene-4 , -camon^ 
acetylamino)acetic acid (Dabcyl-Gly-^PNA-OH v>MR-Gly- Boc PNA-OH)) 

45 [0058] Dabcyl N-hydroxysuccinimide ester (145 mg, 0.40 mmol) and triethylamine (600 uX, 4.5 mmol) were added 
in that order to a dimethylformamide solution (10 mL) of Gly- Boc PNA-QH (100 mg, 0.39 mmol) and stirred at room 
temperature for 1 5 hours. After completion of the reaction, the mixture was concentrated under reduced pressure, and 
the residue was purified by silica gel column chromatography (0-4% MeOH/dichloromethane) to give Dabcyl-Gly-^P- 
NA-OH (184 mg, 90%) as a reddish brown powder. 1 H NMR (DMSO-d 6 ) 5 8.18 (d, J = 7 Hz, 2 H) , 7.91 (d, J = 7 Hz, 

so 2 H), 7.88 (d, J = 7 Hz, 2 H), 6.77 (d, J = 7 Hz, 2 H), 5.76 (s) and 5.30 (s) (2 H), 4.22 (brs) and 4.05 (brs) (2 H), 3.73 
(brs) and 3.49 (brs) (2 H), 3.47 (brs) and 3.29 (brs) (2 H), 1 .26 (s, 9 H); FABMS m7z527 (M+H) + J. 

(Example 15) 

55 Synthesis of A/-(4-hydroxyazobenzene-2 , -carbonyl)glycine (HABA-Gly-OH) 

[0059] Triethylamine (732 u,L, 5.25 mmol) was added to a DMF solution (10 mL) of HABA (1.21 g, 5 mmol) and f- 
butylglycine hydrochloride (880 mg, 5.25 mmol), while ice cooling DCC (1 .1 3 g, 5.5 mmol) was then added thereto and 
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the mixture was stirred fo^minutes and further at room temperature for 1 5 houA reaction mixture was filtered 
he filtrate was concentr^Pder reduced pressure, and the residue was purified V* gel column chromatography 
0-5 /o Acetone/CH 2 CI 2 ) to give the f-butyl ester derivative of HABA-Gly-OH (1 .73 g, 97%) as an orange powder. This 
0.07 g 3 mmol) was added to formic acid (50 mL) and stirred at room temperature for 2 days, concentrated under 
reduced pressure to remove the formic acid, and the residue was purified by silica gel column chromatography (0-5% 
acetone/CH 2 Cl2) to give HABA-Gly-OH (0.89 g, 99%) as an orange powder. iH NMR (CDCU) 8 10.45 (brt, 1 H) 8 88 

t ; J : m H i l H L' L 9 ,V d ; J = ' HZi 2 H)i 785 (d> J - 8 Hz - 1 H) ' 770 (d - j = 8 Hz ' 1 h >- 7 -eo (». j - • H Z . 1 h ; 

(t, J = 8 Hz, 1 H), 6.94 (d, J = 9 Hz, 2 H), 4.05 (d, J = 5 Hz, 2 H); NMR (CDCW 5 171.18 166 44 161 54 149 13 
145.34, 133.20, 131.09, 130.18, 129.61, 125.86, 116.00, 115.88.41.60. 

(Example 16) 

Synthesis of 2,3,4,5,6-pentafluorophenyl W-(4-hydroxyazobenzene-2'-carbonyl)glycinate (HABA-Gly-Opfp) 

222 ,o^ C (3 ° 8 m9 ' 15 mm0l) W3S added t0 a DMF so,ution ( 10 mL ) of HABA-Gly-OH (299 mg, 1 mmol) and 
PJPOH (276 mg, 1 .5 mmol) while ce cooling, and the reaction mixture was stirred at room temperature for 15 hours 
The reaction mixture was filtered, the filtrate was concentrated under reduced pressure, and the residue was purified 
V T 3 iu ,»LT chromato 9 ra P h y (°- 5% acetone/CH 2 CI 2 ) to give HABA-Gly-OPfp (46 mg, 10%) as an orange 
^uThS 

(Example 17) 

Synthesis of 2-(AA(2-((ft^ 
acetic acid (HABA-Gly-^PNA-OH) 

[0061] Diisopropylethylamine (14 mL. 80 jimol) was added to a DMF solution (5 mL) of HABA-Gly-OPfp (37 mq 80 
umol) and b°c PN A-OH (1 8 mg. 80 jtmol) and stirred at room temperature for 15 hours. This was concentrated under 
!! d = C A e i Pr f SUre ' and the r6SidUe was purified ^ silica S el column chromatography (0-30% MeOH/ CH,CI,) to qive 
T 7 c"? mg, 33%). 1 H NMR (CDCI 3 ) S 9.77 (s) and 9.59 (s) (1 H), 8.26 (s) and 8.14 (s) (2 H)^7 97 6 

, I u!' o o7; v (m ' 2 H) ' 7 0 " 6 6 (m ' 2 H) ' 5 35 (S) 8nd 5 05 ^ ( 1 H)' 4.40 (s) and 4.24 (s) (2 H), 3.98 (s, 2 H), 3.6-3.3 
(m, 2 H), 3.21 (s) and 3.02 (s) (2 H), 1.28 (s) and 1.18 (s) (9 H). 

(Example 18) 

Synthesis of 2,3,4,5,6-pentafluorophenyl 2-(5,7,8-trimethyl-1 .3-dioxo-2,5-dihydro-2,4-diazaphenazin-2-yl)acetate 
(rlavin-Opfp) 

S 6 o 21 E ?ii (73 2 m9, 382 lUn0l) Was added t0 a DMF solution < 1 0 mL ) of Flavin (1 00 mg, 31 8 umol) and PfpOH 
(70.2 mg 381 umol) at 0'C. and the reaction mixture was stirred at 0°C for 1 hour and at room temperature for 12 
hours. The reaction mixture was concentrated under reduced pressure, and the residue was subjected to partition 
extracuon with a water-chloroform system. The organic layer was dried with magnesium sulphate and concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (2.5% MeOH/CHCU) to 
give Flavin-OPfp (130 mg, 85%). i H NMR (CDCI 3 ) 8 8.07 (s, 1 H), 7.44 (s, 1 H). 5.21 (s, 2 H), 4.14 (s 3 H) 2 55 (s 3 

?• t It I?}"™* (FAB+ ' NBA/CH 2 C| 2 ) calcd - to C 21 H 14 0 4 N 4 F 5 [( M+ H)1 481 .0934, observed 481 .0950 UV 
^nax (DMF) 390, 460 (nm). 

(Example 19) 

Synthesis of 2-(N-(2-((te/t-butoxy)carbonylamino)ethyl)-2-(5,7,8-trimethyl-1 ,3-dioxo(2,5-dihydro-2,4-di-azaphenazin- 
2-yl)acetylamino) acetic acid (Flavin-B«=PNA-OH) 

[0063J Diisopropylethylamine (36.3 uL, 208 u.mol) was added to a DMF solution (1 0 mL) of Flavin-OPfp (1 00 ma 
208 umol) and Bo= PNA -OH (45.4 mg, 208 umol) and stirred at room temperature for 1 5 hours. This was concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (10-50% MeOH/CHCU) to 
give Flavin-Bcc PNA .oH (130 mg, 85%). 1 H NMR (CD 3 OD) 8 7.94 (s) and 7.86 (s) (1 H), 7.80 (s) and 7.75 (s) (1 H) 

f 3 TiS M W ^ ( L H !" w 17 J S) 413 (S) (3 H)> 3 64 and 3 52 (2 H )' 3 38 and 326 P H). 2.58 (s) and 2. 6(ij 
(3 H), 2.46 (s) and 2.44 (s) (3 H), 1.46 (s) and 1.41 (s) (9 H) ; HRMS (FAB+, NBA/CH 2 CU.) calcd. for C 24 H 31 0 7 N6 
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[(M+H)*] 51 5.2252, obs^^^ 15.2273; UV ^ (DMF) 390, 460 (nm). 
(Example 20) 

Synthesis of 2\3\4\5\6'-pentafluorophenyl 1,3-dioxo-1H-benz[de]isoquinoline-2(3H)-acetate (Nl-Opfp) 

[0064] DCC (155 mg, 0.75 mmot) was added to a DMF solution (5 mL) of NI-OH (192 mg, 0.75 mmol) and PfpOH 
(152 mg, 0.83 mmol) while ice cooling, and the reaction mixture was stirred at room temperature for 15 hours. The 
reaction mixture was filtered, the filtrate was concentrated under reduced pressure, and the residue was purified by 
silica gel column chromatography (CH 2 CI 2 ) to give Nl-OPfp (277 mg, 87%) as a red powder. NMR (CDCU) 8 8 64 
(d, J = 8 Hz, 2 H), 8.25 (d, J = 8 Hz, 2 H), 7.78 (t, J = 8 Hz, 2 H) , 5.29 (s, 2 H) . 

(Example 21) 

Synthesis of 2-(N-(2-(ffe/t-butoxy)carbonylamino)ethyl)-2-(1 f 3-dioxo-1H-benz [de] isoquinoline-2(3H))acetylamino) 
acetic acid (NI- Boc PNA-OH) 

[0065) Diisopropylethylamine (87 \± t 0.50 mmol) was added to a DMF solution (10 mL) of Nl-OPfp (211 mg, 0.50 
mmol) and ^PNA-OH (120 mg, 0.55 mmol) and stirred at room temperature for 15 hours. This was concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (0-20% MeOH/CHCI 3 ) to 
give Nl-Bocp N A-OH (130 mg, 85%). iH NMR (DMSO-d 6 ) 8 8.47 (m, 4 H), 7.86 (dd, J = 8.3, 7.3 Hz, 2 H), 4.73 (s, 2 
H); 13C NMR (CDCI 3 ) 8 167.84, 163.59, 134.20, 131.44, 131.39, 128.11, 126.78, 122.00, 61.59, 41.44, 1429; HRMS 
(FAB+, NBA/CH 2 CI 2 ) calculated for (C 16 H 13 N0 4 )H + 284.2933, observed 456.1767; UV ^ (DMF) 333 nm. 

(Example 22) 

Synthesis of 2 , ,3 , 1 4 , l 5 , i 6 , -pentafluorophenyl 1 ,3-dioxo-5-nitro-1H-benz[de]isoquinoline-2(3H)-acetate (Nl (N0 2 )-Opfp) 

[0066] EDC (73.2 mg, 382 nmol) was added to a DMF solution (10 mL) of NI(N0 2 )-OH (100 mg, 318 jimol) and 
PfpOH (70.2 mg, 381 jimol) at 0°C, and the reaction mixture was stirred at 0°C for 1 hour and at room temperature 
for 1 2 hours. The reaction mixture was concentrated under reduced pressure, and the residue was subjected to partition 
extraction with a water-chloroform system. The organic layer was dried with magnesium sulphate and concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (2.5% MeOH/CHCI 3 ) to 
give NI(N0 2 )-OPfp (130 mg, 85%). *H NMR (CDCI 3 ) 8 8.07 (s, 1 H), 7.44 (s, 1 H), 5.21 (s, 2 H), 4.14 (s, 3 H) , 2.55 (s, 
3 H), 2.45 (s, 3 H); HRMS (FAB+, NBA/CH 2 CI 2 ) calcd. for C 21 H 14 0 4 N 4 F 5 [(M+H)+] 481 .0934, observed 481 .0950- UV 
(DMF) 390, 460 (nm). 

(Example 23) 

Synthesis of 2-(N-(2-((fe/t-butoxy)carbonylamino)ethyi)-2-(1 ,3-dioxo-5-nitro-1 H-benz[de]isoquinoline-2 (3H) 
acetylamino) acetic acid (Nl (N0 2 ) -BocpNA-OH) 

[0067] Diisopropylethylamine (36.3 ^L, 208 junol) was added to a DMF solution (10 mL) of NI(N0 2 )-OPfp (100 mg, 
208 |imol) and Boc PNA-OH (45.4 mg, 208 junol) and stirred at room temperature for 15 hours. This was concentrated 
under reduced pressure and the residue was purified by silica gel column chromatography (10-50% MeOH/CHCI 3 ) to 
give Nl (N0 2 )-Boc PN A-OH (130 mg, 85%). 1H NMR (CD 3 OD) 8 7.94 (s) and 7.86 (s) (1 H), 7.80 (s) and 7.75 (s) (1 H) 
5.03 (s) and 4.88 (s) (2 H), 4.17 (s) and 4.13 (s) (3 H), 3.64 and 3.52 (2 H), 3.38 and 3.26 (2 H), 2.58 (s) and 2.56 (s) 
(3 H), 2.46 (s) and 2.44 (s) (3 H), 1.46 (s) and 1.41 (s) (9 H) ; HRMS (FAB+ NBA/CH 2 CI 2 ) calcd. for C 24 H 31 0 7 N 6 
[(M+H) + ] 515.2252, observed 515.2273; UV X max (DMF) 390, 460 (nm). 

(Example 24) 

Synthesis of 5-acetylamino-1 ,3-dioxo-1 H-benz [de] isoquinoline-2 (3H)-acetic Acid (NI(NHAc)-OH) 

[0068] Nl (NH 2 )-OH (100 mg, 0.37 mmol) was dissolved in pyridine (3 mL) and AC 2 0 (3 mL) and stirred at room 
temperature for 1 5 hours. The mixture was concentrated under reduced pressure, then washed with dichloromethane 
filtered and dried to give NI(NHAc)-OH (103.2 mg, 89%). iH NMR (DMSO-d 6 ) 8 8.79 (s, 1 H), 8.61 (s, 1 H), 8 40 (d J 
= 8 Hz, 1 H), 8.37 (d, J = 8 Hz, 1 H), 7.82 (t, J = 8 Hz, 1 H), 4.71 (s, 2 H), 2.16 (s, 3 H) . 
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(Example 25) 




Synthesis of 2' ,3 ■ ,4\ 5' ,6' -pentafluorophenyl 5-acetylamino-1,3-dioxo-1H-benz[de]isoquinoline-2(3H)-acetate (Nl 
(NHAc)-Opfp) 

[0069] DCC (71 mg, 0.34 mmol) was added to a DMF solution (5 mL) of NI(NHAc)-OH (97 mg, 0.31 mmol) and 
PfpOH (63 mg, 0.34 mmol) at 0°C and the reaction mixture was stirred at 0°C for 1 hour and at room temperature for 
1 5 hours. The reaction mixture was filtered and then concentrated under reduced pressure, and the residue was purified 
by silica gel column chromatography (0-20% acetone/CHCI 3 ) to give Nl (NHAc)-OPfp (140 mg, 95%). 1 H NMR (CDCi 3 ) 
5 8.96 (s, 1 H), 8.53 (d, J = 7.7 Hz, 1 H), 8.32 (d, J = 1 .6 Hz, 1 H) , B.20 (d, J = 7.7 Hz, 1 H), (t, J = 7.5 Hz, 2 H), 7.82 
(brs, 1 H), 774 (d, J = 7.7 Hz, 1 H), 5.27 (s, 2 H), 2.28 (s, 3 H) . 

(Example 26) 

Synthesis of 2-(N-(2-((terf-butoxy)carbonylamino)ethyl)-2-(5-acetylamino-1 ,3-dioxo-1 H-benz [de]isoquino!ine-2 (3H)) 
acetylamino)acetic acid (Nl (NHAC)- Boc PNA-OH) 

[0070] Diisopropylethylamine (54 |iL, 0.30 mmol) was added to a DMF solution (5 mL) of Nl (NHAc)-OPfp (140 mg, 
0.29 mmol) and Boc PNA-OH (67 mg, 0.30 mmol) and stirred at room temperature for 15 hours. This was concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (2-20% MeOH/CHCy to 
give Nl (NHAc) - Boc Pna . 0 h (117 mg, 85%). <H NMR (DMSO-d 6 ) 5 8.4-7.3 (m, 5 H), 5.05 (brs) and 4.90 (brs) (2 H), 
3.76 (brs) and 3.54 (brs) (2 H), 3.64 (s) and 3.49 (s) (2 H), 3.54 (brs) and 3.41 (brs) (2 H), 2.15 (s) and 2.04 (s) (3 H), 
1.48 (s) and 1.45 (s) (9 H). 

(Example 27) 

Synthesis of succinimidyl N^-dimethylaminoazobenzene-S'-carbonate (m-MR-Osu) 

[0071] DCC (100 mg, 0.50 mmol) was added to a DMF solution (7 mL) of m-methyl Red (m-MR-OH; 110 mg, 0.41 
mmol) and N-hydroxysuccinimide (60 mg, 0.52 mmol) at 0°C, and the reaction mixture was stirred for 30 minutes and 
then at room temperature for 15 hours. The reaction mixture was filtered and distilled under reduced pressure, and 
the residue was subjected to silica gel column chromatography (CH 2 CI 2 ) to give m-MR-OSu (124 mg; 82%) as an 
orange powder. 1H NMR (CDCI 3 ) 8 8.59 (s, 1 H), 8.13 (t, J =9.1 Hz, 2 H), 7.90 (d, J = 9.1 Hz, 2 H), 7.61 (t, J = 7.9 Hz, 
1 H), 6.77 (d, J = 9.1 Hz, 2 H), 3.11 (s, 6 H), 2.93 (brs, 4 H) . 

(Example 28) 

Synthesis of 2-(N-(2-((terf-butoxy)caifcony^ 
acetylamino)acetic acid (ro-MR-Gly- Bocpna.qh) 

[0072] m-MR-OSu (73 mg, 0.20 mmol) and triethylamine (350 jxL, 2.7 mmol) were added in that order to a DMF 
solution (10mL) of Gly- Boc PNA-OH (50 mg, 0.18mmol)and stirred at room temperature for 15 hours. After completion 
of the reaction, the mixture was concentrated under reduced pressure, and the residue was subjected to silica gel 
column chromatography (0-1 0% MeOH/dichloromethane) to give m-MR-Gly- Boc PNA-OH (95 mg, 1 00%) as an orange 
powder. iH NMR (DMSO-d 6 ) 5 8.26 (s, 1 H), 7.92 (d, J = 7.6 Hz, 2 H), 7.83 (d, J = 9.1 Hz, 2 H), 7.62 (t, J = 7.6 Hz, 1 
H), 6.88 (bit) and 6.74 (bit) (1 H), 6.85 (d, J = 9.1 Hz, 2 H), 4.22 (d, J = 2.7 Hz, 2 H), 3.99 (s) and 3.89 (s) (2 H), 3.44 
(t, J = 6.4 Hz, 1 H), 3.4-3.25 (brs, 4 H), 3.07 (s, 6 H), 1 .39 (s) and 1 .37 (s) (9 H) . 

(Example 29) 

Synthesis of 2-(N-(2-((terf-butoxy)carbonylamino)ethyl)-N'-((1-pyrenyl-n-butyl)glycyl))acetic acid (Pyrene- 
Gly-BocpNA-OH) 

[0073] Pyrene-OSu (39 mg, 0.10 mmol) and triethylamine (138 jiL, 1.0 mmol) were added in that order to a DMF 
solution (5 mL) of Gly- Boc PN A-OH (25 mg, 0.09 mmol) and stirred at room temperature for 1 5 hours. After completion 
of the reaction, the mixture was concentrated under reduced pressure, and the residue was subjected to silica gel 
column chromatography (0-1 0% MeOH/dichloromethane) to give Pyrene-Gly- Boc PNA-OH (30 mg, 61 %) as a pale yel- 
low powder. HRMS (FAB + ) calcd. for C 31 H 35 0 6 N 3 Na [(M+Na)+J 568.2526, observed 568.2429. 
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(Example 30) 




Synthesis of 2-(N-(2-((fer^utoxy)caifconylamino)eth^ acid 
(Coumarin-Gly-Bocp NA _o H ) 



[0074] Coumarin-OSu (1 5 mg, 0.042 mmol) and triethylamine (55.5 0.4 mrnoi) were added in that order to a DMF 
solution (5 mL) of Gly-^PNA-OH (12.7 mg, 0.046 mmol) and stirred at room temperature for 1 5 hours. After completion 
of the reaction, the mixture was concentrated under reduced pressure, and the residue was subjected to silica gel 
column chromatography (0-20% MeOH/dichloromethane) to give Coumarin-Gly- Boc PNA-OH (23 mg, 1 00%) as a yellow 
10 powder. 'H NMR (DMSO-d 6 ) 5 8.68 (s) and 8.66 (s) (1 H), 7.70 and 7.69 (each d, J = 9.1 Hz) (1 H), 6:89 (brt) and 6.75 
(brt) (1 H) , 6.80 (d, J = 9.1 Hz, 1 H), 6.62 (s, 1 H), 4.25 (brd) and 4.07 (brd) (2 H), 4.13 (m, 1 H), 3.98 (s) and 3.89 (s) 
(2 H), 3.48 (q, J = 6.8 Hz, 4 H), 3.35 (m, 2 H), 3.13 (brq) and 3.07 (brq) (2 H), 1.37 (s) and 1.36 (s) (9 H), 1 .14 (t, J = 
6.8 Hz, 6 H). 

« Industrial Applicability 

[0075] The novel functional PNA monomers in accordance with the present invention can be applied to the assembly 
of PNA that is used in, for example, gene therapy. Furthermore, in accordance with the present invention, a functional 
molecule can be efficiently introduced into PNA by two complementary synthetic routes B and C to the functional PNA 
20 monomers. The present invention can therefore be applied industrially, for example to an industrial synthesis of a 
functional PNA monomer unit using a Boc type monomer unit or a benzyloxycarbonyl-w-amino acid derivative. 
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Claims 
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1. A compound represented by general formula (I) below: 
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35 



(In the formula, A denotes 



40 



45 



50 



55 



EP 1 357 112 A1 



then B denotes 




)• 

A process for producing a functional PN A monomer by reacting a t-butoxycarbonylaminoethylamine with a deriv- 
ative of a functional molecule so as to incorporate the functional molecule into a PNA monomer, characterised 
in that the derivative of a functional molecule is an activated ester. 

The production process according to Claim 2, characterised In that the activated ester has, on the carbonyl 
carbon forming the ester bond, a group represented by general formula (II) below. 




(In the formula, A denotes 
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R denotes H, N0 2 , NH 2 , NHCbz, Br, F, CI or S0 3 Na2 t and n is an integer of 1 to 4.). 

The production process according to either Claim 2 or Claim 3, characterised In that the activated ester has, on 
its carbonyl carbon, a pentafluorophenoxy group or a succinimidoxy group. 

A process for producing the activated ester according to Claim 3, characterised in that it comprises reacting a 
carboxylic acid derivative of a functional molecule with a compound having a pentafluorophenoxy group or a suc- 
cinimidoxy group. 

A process for producing the carboxylic acid, derivative of a functional molecule according to Claim 5, characterised 
in that it comprises reacting a derivative of the functional molecule with an aliphatic carboxylic acid. 

A process for producing a functional PNA monomer from a functional molecule comprising: 

producing a derivative of the functional molecule from the functional molecule, 

producing a carboxylic acid derivative of the functional molecule from the derivative of the functional molecule, 
producing an activated ester from the carboxylic acid derivative of the functional molecule, and 
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producing a functi^^NA monomer from the activated ester, characteris^tttfiat it comprises one or more 
of a) to c) below: 

a) in the production of the carboxylic acid derivative of the functional molecule, reacting the derivative of 
the functional molecule with an aliphatic carboxylic acid; 

b) in the production of the activated ester, reacting the carboxylic acid derivative of the functional molecule 
with a compound having a pentafluorophenoxy group or a succinimidoxy group; and 

c) in the production of the functional PNA monomer, reacting a f-butoxycarbonylaminoethylamine with the 
activated ester derivative of the functional molecule. 

A process for producing a functional PNA monomer by reacting a derivative of a functional molecule with an o>- 
amino acid derivative represented by general formula (III) below, thereby incorporating the functional molecule 
into a PNA monomer, characterised in that the derivative of the functional molecule is an activated ester: 



NH 2 



BocHN 




(In the formula, R 1 denotes a hydrogen atom or a straight- or branched-chain C 1 to C 5 alkyl group, and m denotes 
an integer of 1 to 11.). 

The production process according to Claim 8, characterised in that the activated ester has, on its carbonyl group 
forming an ester bond, a group represented by general formula (II) below, either directly or via an aliphatic chain 
or a peptide chain: 




(In the formula, A denotes 
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R denotes H, N0 2 , NH 2 , NHCbz, Br, F, CI or S0 3 Na2, and n is an integer of 1 to 4.). 

10. The production process according to either Claim 8 or Claim 9, characterised in that the activated ester has, on 
45 its carbonyl carbon, a pentafluorophenoxy group or a succinimidoxy group. 

11. A process for producing a functional PNA monomer from a functional molecule comprising producing an activated 
ester from the functional molecule and producing a functional PNA monomer from the activated ester, character- 
ised in that 

so the production of the activated ester from the functional molecule comprises reacting m-methyl red with a 

compound that contains a succinimidoxy group, and/or 

the production of the functional PNA monomer from the activated ester comprises reacting an co-ammo acid 
derivative represented by general formula (III) below with a derivative of the functional molecule that is an activated 
ester, thereby incorporating the functional molecule into a PNA monomer: 

55 
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(In the formula, R 1 denotes a hydrogen atom or a straight- or branched-chain C t to C 5 alkyl group, and m denotes 
10 an integer of 1 to 11.). 
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[fig. 2] 



Fmocv 




Pmoc type PNA monomer unit 



Boc type PNA monomer unit 
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